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Exploring Enculturation in the First-Year Engineering Program NSF-Award 1640521
Abstract Culture is defined as the set of beliefs, customs, and or arts of a particular group. Engineering enculturation can be defined as the process by which an engineering student learns the traditional content of an engineering culture and assimilates its engineering practices and values. The assimilation process to the engineering culture can be associated to engineering outcomes as defined by the Accreditation Board for Engineering and Technology (ABET) and through common outcomes among engineering programs, including first year engineering programs.
A group of professors at a university located in the southwestern region of the United States are conducting engineering enculturation research based on self-reported student's perceptions as well as performance indicators (i.e. grades) of at least 400 first year engineering students. Since publications and reports show that attrition is high during the first year engineering program, this inquiry seeks to explore the enculturation of individuals new to the profession. This paper presents preliminary data analysis of the pre-survey applied to the freshmen class during the fall 2016. Two different perspectives and subsets of data were included in this preliminary analysis. One from an open ended view of aspects valued by students as foundational to their enculturation process and the other based on a Likert-based set of questions.
I. Introduction
Enculturation is defined in this study as the process by which an individual learns the traditional content of a culture and assimilates its knowledge, practices, and values (KPV). Under such definition, ABET outcomes were transferred to a set of cultural constructs based on the content of the first-year engineering program. A depiction of such cultural constructs or traits is portrayed in Figure 1 . 
II. Research Design, Analysis and Results

A. The open-ended analysis
The primary purpose of the open-ended study was to analyze student perspectives on how the process of engineering enculturation is occurring according to what is taught in a first-year engineering course. The three open-ended questions from a pre-survey that were the focus of this study seek the student views of how the engineering enculturation is occurring while they are in the course. The questions guiding this study are:
1. What is the contribution of the engineering foundational course in developing student's successful engineering knowledge, practices, and values during the semester? 2. What factors other than the course contribute to developing student's successful engineering knowledge, practices, and values during the semester? 3. What have you lost or retained about your own culture in favor of engineering culture?
A1. Participants and Analysis
The demographic composition of the survey participants is presented in Table 1 . The dominant ethnic group was white male (75.27%) and Hispanics made up the next large body of students indicative of some diversity (27.5%), followed by Asians (9.3%). Women made up of 24.7%. Most of the respondents were American. The respondent pool is statistically diverse for the study with 40.1% minorities. Two researchers of this study closely scrutinized students' raw responses to the three open-ended questions asking their views about their undergoing engineering enculturation. Inductive analysis and creative synthesis strategy were employed to analyze the responses. Researchers labeled and described the themes and calculated the frequency with which each theme appeared in students' raw responses.
A2. Results and Discussion
A.2.1 Contribution of the Foundational Course to Students' Engineering Enculturation
The first survey question explored students' perceptions of the contribution of the foundational course in their development of successful knowledge, practices and values (KPV). Dominating their answers was just acquiring the skills, knowledge, practices, values, and the ability of the course to set their foundations. Then they listed teamwork skills, problem-solving and programming and communication skills. The perception of the course as a "weed-out" was mentioned by one student. All students, whether male or female, indicate building skills as the most important item that they see as contributing to their engineering enculturation. This is more so than the statement of knowledge, practices and values in the definition of engineering enculturation provided to them. Figure 2 shows the specific skills that dominated the student answers. The horizontal axis indicates the keywords of particular skills that emerged as important in their answers. Overall, teamwork was viewed as the most important skill. This was impressed upon students in class lectures and almost all in-class activities are conducted with students in teams: project-based coursework. The quizzes and exams are not by team. Problemsolving and communication skills were taught (and viewed by some students as helpful for good teamwork). Students were taught programming languages (or coding skills in a graphical and text-based languages) after some classes in algorithmic thinking or planning your code with flow diagrams or pseudo-code before coding.
Typical answers for the contribution of engineering foundational course to their skill development include:
"This course allows me to think both on my own as well as with team members to learn the course material given. It also challenges you in multiple ways to develop your character in the engineering program."
"The engineering foundational course will likely contribute to my ability to function well on multidisciplinary teams since the group projects force me to work with unfamiliar people." Figure 2 . Contribution to the skills part of the student responses to their view of their view of the engineering foundational course's contribution.
A.2.2 Other factors that Contribute to Students' Engineering Enculturation
The second question asked and analyzed in the study was related to other factors outside the course that the students perceived as contributing to their engineering enculturation. The so-called "real-world experience" or internships, co-ops, research or exposure to professional practicing engineers dominated the answers. Interacting with friends, peers, whether in engineering or not, dominated in a few cases or emerged as a close second. Figure 3 illustrates the responses when students were asked about other factors that impact their enculturation. The horizontal axis exhibits the themes that were most common in their answers: Real world indicates working out in the "real world" outside of the classroom in some companies as interns or co-ops or in research (though the students do not necessarily realize that research can be different). Interacting with others may be with friends, peers in engineering, whether in the first-year class or in at least one other course, where more knowledge may be acquired, and in extra-curricular activities (clubs, student organizations, society memberships, etc.). Some students felt that some personal characteristics (learning styles, learning ability, self/time-management, background, etc.) about themselves were the factors that would contribute other than the first-year course. Teamwork and communication were again mentioned mostly as being helpful in other courses or largely through projects (e.g., civil engineering canoe, mechanical engineering race car, the aerospace engineering model airplane or the multi-disciplinary or interdepartmental satellite, etc.). Female students viewed their interaction with others as more important than male students, who viewed "real world experiences" as most important. Work in other courses was seen as important. Personal characteristics and experiences follow and some may be via extra-curricular activities, clubs, etc. Some of the personal characteristics include personal attitudes, work ethic, time management, self-management, other varied personal interests, learning ability, etc. Acquiring more knowledge, teamwork and communication skills, in other circumstances or outside the course, were not viewed as important as with the previous question. For example, typical answers include: "More advanced engineering courses with longer projects and bigger pay-offs." "The school environment and being a member of the student body and many other student groups, leadership programs, and solving everyday problems in an efficient way all contribute to developing my engineering culture." Figure 4 focuses on the views of interactions with others. These particular interactions may be with other students and friends, peers in engineering, whether in the same class or not, not so much with professional engineers with whom that students could be working via internships or after they graduate, professors, whether in the first-year class or other courses, or family. Only a few students mentioned "role models" who are not necessarily closely related. The most important form of interaction was reported to be "with friends." Even more notable there is how much more important that interacting with friends is to female students than to male students. Peers in the field, or working with them and talking to them then help their enculturation. The same goes for interacting with professional engineers and professors. Family members do not play that much of a role. Female students valued the importance of interacting with friends more than male students whereas males valued interacting with professional engineers more.
When it comes to what other factors outside of the course impact their enculturation, Figure 5 shows drastic differences between the first-year students and the upper-level students. Upper-level students attribute a lot more to their outside activities than firstyear students. This is likely because upper-level students have had the time to build more connections to these outside activities than first-year students. An even bigger gap (~30%) exists in the valuation of interacting with others. The upper-level students have had time to make more connections around the university and would have more ability to make the best of these. 
B. The Likert-based analysis
The primary purpose of this study was to analyze students' perceptions of their currant ability and corresponding academic success of the students in the Foundation of Engineering. The student participants were asked to self-report on their perceptions of their ability to perform the engineering student outcomes as set forth by ABET which align with the engineering enculturation outcomes that are taught in the first-year foundational engineering courses.
The associated pre-survey set of questions was presented to students as they were asked to self-report if they strongly agree, moderately agree, agree, were neutral, disagree, moderately disagree or strongly disagree. Table 2 provides details about these questions.
B1. Participants and Analysis
Although the survey was responded by more than 300 participants, only 187 completed the section related to the Likert-based questions. Table 3 shows a detailed description of the demographic information of participants in this study. Table 2 . Survey Questions A. I have the ability to apply my knowledge of mathematics to solve engineering problems. B. I have the ability to apply my knowledge of science to solve engineering problems. C. I have the ability to design a system, component or process to meet desired needs within realistic constraints as an engineer. D. I have the ability to function well on multidisciplinary teams as an engineer. E. I have the ability to identify, formulate and solve engineering problems. F. I have a good understanding of my professional and ethical responsibility as an engineer. G. I have the ability to communicate effectively (oral and written) as an engineer. H. I have the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental and societal context. I. I recognize the need for and plan to engage in life-long learning as an engineer. J. I have knowledge of contemporary issues in engineering. K. I have the ability to use the techniques, skills, and modern engineering tools necessary for engineering practice. 
B2. Results and Discussion
Respondents reported a moderately high score of an average of 5.47 on a scale of 7.0 for all of the items. Students reported to be most confident about the following ABET student outcomes:
A. I have the ability to apply my knowledge of mathematics to solve engineering problems. I. I recognize the need for and plan to engage in life-long learning as an engineer. D. I have the ability to function well on multidisciplinary teams as an engineer.
The ABET student outcomes about which the students reported to be least confident were outcomes: J. I have knowledge of contemporary issues in engineering. H. I have the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental and societal context. C. I have the ability to design a system, component or process to meet desired needs within realistic constraints as an engineer. Ethnicity differences were not significant and only statistical significant differences were found between genders for the following items. Males scored higher than female students on three items (B, C, and E) but female students scored higher than male students on one item, K.
B. Knowledge of science to solve engineering problems C. Ability to design a system, component or process to meet desired needs within realistic constraints as an engineer E. Ability to identify, formulate and solve engineering problems K. Ability to use the techniques, skills, and modern engineering tools necessary for engineering practice
III. Conclusions
This paper presents analyses of engineering enculturation constructs from two perspectives. (a) Open ended discussion of students' perceptions of the impact of the first-year engineering courses in their enculturation and (b) Quantitative analysis to the Likert-based questions related to ABET outcomes transferred to enculturation constructs.
Results show that gender differences occur in terms of perceptions of problem solving skills, interaction with friends. The same was found for non-white students versus white students. Upper level students tend also to differentiate themselves in terms of the contribution of the first-year engineering courses to their enculturation.
In terms of the quantitative analysis of perceptions, only gender differences appeared in items such as knowledge of science and engineering, ability to design a system, identification and formulation of solutions to problems, and ability to use techniques and tools necessary for engineering practice.
Although these are preliminary analyses, the results align to previous studies of professional practice and identity development. The focus groups analysis is underway and the pre-survey for the second semester is open and collecting data. Further investigation of these traits and constructs will help in the understanding of the professionalization of engineers viewed from an enculturating process.
